INTRODUCTION
============

Hepatocellular carcinoma (HCC) is currently the 5th most frequent cancer and a leading cause of cancer-related mortality worldwide.[@B1][@B2][@B3] Although potentially curative treatment options, such as hepatic resection and liver transplantation, are associated with significant survival benefits, only 10--30% of patients with HCC are eligible for surgery at the time of diagnosis.[@B4] Radiofrequency ablation (RFA) has been proposed as an alternative treatment owing to its safety and effectiveness for patients with early to intermediate stage HCC.[@B5][@B6] A meta-analysis of 31 studies comparing 16,103 patients who received either ablation or hepatic resection showed comparable longterm outcomes in lesions ≤2 cm in size, with significantly fewer complications and shorter hospital stay durations associated with ablation.[@B7] Furthermore, for those patients ineligible for surgery, ablation is a potentially curative modality, which has demonstrated a significant clinical efficacy with an overall 5-year survival rate between 68% and 76% for tumors ≤5 cm in size.[@B8][@B9] However, other studies showed that approximately 68.9% of patients had tumor recurrence after RFA, which is higher than the rate for liver transplantation and surgical resection.[@B10][@B11][@B12]

We conducted this study to identify long-term outcomes following intraoperative RFA (IO-RFA) and reveal independent prognostic factors for survival. Furthermore, we classified and compared survival outcomes according to whether the patients were treated with RFA as the first-line or second-line treatment.

PATIENTS AND METHODS
====================

From December 1998 to February 2019, a total of 541 patients underwent surgery for HCC at our institution. Among them, 342 patients underwent surgical resection, and 16 patients who underwent surgical resection with IO-RFA were excluded. The remaining 183 patients who underwent IO-RFA only were finally included in the analysis. These patients were divided into two groups according to whether RFA was done as a primary or secondary treatment for HCC, which are as follows: primary RFA (1-RFA) and secondary RFA (2-RFA) groups. Primary RFA was defined as the first-line treatment for HCC after diagnosis. When the RFA was done for recurrent or incompletely treated lesions after a previous treatment, such as hepatic resection or transarterial chemoembolization (TACE), it was referred to as secondary RFA.

All patients were diagnosed and staged preoperatively by contrast computed tomography (CT) with arterial, portal, and delayed phases; magnetic resonance imaging (MRI) was also done routinely. Patients who showed typical HCC on imaging studies did not have additional biopsies. Tumor markers including alpha-fetoprotein (AFP) and protein induced by vitamin K absence or antagonist-II (PIVKA-II) were checked preoperatively and used for the postoperative follow-up. To evaluate the liver function, indocyanine green (ICG) test was done, and the retension rate 15 minutes after the injection was applied.

Most patients who underwent IO-RFA were laparoscopically approached, but the earlier phase of this cohort was conducted using laparotomy. Moreover, in cases wherein the localization of the tumor was not possible with intraoperative ultrasound or cases of severe adhesion due to previous surgery, the technique was converted to laparotomy. Three or four trocars were used for laparoscopic RFA. All patients underwent CT the next day of surgery to assess the adequacy of RFA.

Follow-up was updated from the electronic medical records on an outpatient. These evaluations included regularly scheduled physical examinations, CT or MRI scans, and serum level of AFP and PIVKA-II. Death, local recurrence, and distant metastasis were considered, and when no events were recorded, the patients were censored at the last date of follow-up. Overall survival (OS) and disease-free survival (DFS) were determined from the date of initial surgery to the date of death and recurrence or the last contact. For the patients whose long-term follow-up was discontinued, data from the Statistics Korea were applied.

Differences in numerical data between 1-RFA and 2-RFA groups were examined using the Chi-square test or Fischer\'s exact test. Student\'s t-test was applied to compare continuous variables. The OS and DFS rates were calculated using the Kaplan-Meier method. The log-rank test was used to analyze differences between survival curves. Cox proportional hazard regression was applied to determine independent predictive factors for survival and recurrence. A *p*-value \<0.05 was considered statistically significant. All statistical analyses were done using SPSS software (version 24.0, IBM, New York, USA).

RESULTS
=======

Patient demographics, clinicopathologic characteristics, and surgical outcomes
------------------------------------------------------------------------------

The demographics and clinicopathologic data of 183 patients who underwent IO-RFA for HCC are presented in [Table 1](#T1){ref-type="table"}. According to whether RFA was done as a primary or secondary treatment, 106 (57.9%) and 77 (42.1%) patients were categorized into the 1- and 2-RFA groups, respectively. Most preoperative parameters were not significantly different between the two groups, but the 2-RFA group showed a significantly higher proportion of male (67.9% in 1-RFA group versus 83.1% in 2-RFA group; *p*=0.020), whereas the preoperative level of serum albumin was slightly higher in the 1-RFA group (3.8±0.52 in 1-RFA group versus 3.7±0.39 in 2-RFA group; *p*=0.048). There are no significant differences in the type of surgical approaches between the two groups (*p*=0.079). The number of tumors located at segment 6 was higher in the 2-RFA group (17% in 1-RFA group versus 29.9% in 2-RFA group; *p*=0.039), whereas that at segment 8 was higher in the 1-RFA group (50% in 1-RFA group versus 28.6% in 2-RFA group; *p*=0.004). The number of tumors and largest tumor size were not significantly different between the two groups.

Surgical outcomes are described in [Table 2](#T2){ref-type="table"}. Operative time was 117.6±52.6 minutes in the whole cohort, and it did not differ between the two groups (111.4±50.7 in 1-RFA group versus 126.1±54.3 in 2-RFA group; *p*=0.063). Postoperative hospital stay and rate of complications were also not significantly different between the two groups. One case of in-hospital mortality was found in the 1-RFA group due to postoperative liver failure and bleeding. Overall recurrence rate was 53%, and the 2-RFA group showed a higher recurrence rate (46.2% in 1-RFA group versus 62.3% in 2-RFA group; *p*=0.031). However, there were no significant differences in recurring patterns. The accuracy for RFA was 96.7% and 6 (3.3%) patients showed incomplete ablation on postoperative CT. Of 6 patients with incomplete ablation, we could not identify the tumor by intraoperative sonography in 3 patients. The accuracy was not significantly different between two groups (1.9% in 1-RFA group versus 5.2% in 2-RFA group; *p*=0.241).

Survival and prognostic factors
-------------------------------

The median follow-up duration was 27.1 months (32.4±23.4 months). The 5-year OS and DFS rates of the whole cohort were 75.2% and 27.9%, respectively ([Fig. 1](#F1){ref-type="fig"}). The OS and DFS rates were significantly higher in the 1-RFA group ([Fig. 2](#F2){ref-type="fig"}). The 5-year OS rates were 83.6% and 64.9% in the 1-RFA and 2-RFA groups, respectively (*p*=0.010), whereas the 5-year DFS rates were 32.2% and 21.6% in the 1-RFA and 2-RFA groups, respectively (*p*=0.012).

Univariate analysis revealed that hepatitis B virus-associated liver cirrhosis (HBV-LC), previous history of abdominal surgery, 2-RFA, postoperative hospital stay of \>5 days, recurrence, and surgical complications were associated with OS ([Table 3](#T3){ref-type="table"}). On multivariate analysis, HBV-LC, 2-RFA, recurrence, and postoperative complications were independent predictive factors for survival.

Similarly, a previous history of abdominal surgery, 2-RFA, and preoperative INR of \>1.2 were associated with recurrence on univariate analysis. On multivariate analysis, all these variables were revealed to be independent prognostic factors for recurrence ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Given that surveillance tests are becoming more common for patients at risk for HCC, the detection rate of small HCC, especially those \<2 cm in size has increased.[@B13] There are many studies and meta-analyses comparing the outcomes after surgical resection and RFA for solitary HCC.[@B14][@B15][@B16][@B17][@B18][@B19][@B20][@B21][@B22][@B23] However, the superiority of any method has not yet been demonstrated definitively, and RFA would be a potentially curative treatment for HCC in the early stages.[@B1][@B24] In particular, because RFA can provide higher rates of complete necrosis of the target tumor than other locoregional therapies, it plays a pivotal role as a locoregional neoadjuvant therapy prior to liver transplantation.[@B25][@B26] Fontana et al.[@B27] first reported in 2002 a complete necrosis in 59.5% of 37 nodules treated with RFA. Subsequently, Pompili et al.[@B28] described a complete necrosis rate of 41.3% in 46 nodules, with an increased rate for nodules \<3 cm in size of up to 61.9%. In 2004, Mazzaferro et al.[@B29] reported a complete necrosis in 55% of 60 nodules, which increased to 63% when the nodules were \<3 cm in diameter. In our study, the complete ablation rate was only 96.7% among all patients (183), and marginal recurrence was found in 8.2% of the patients during the entire follow-up period. This result may not be worse than the previous studies.[@B15]

The 1-, 3-, and 5-year OS for the entire cohort were 95.2%, 83.1%, and 75.2%, respectively. These results are much better than a previous multicenter study reported by Pompili et al.[@B17] The main reason is thought to be that the current study included only the patients who received IO-RFA. The 1-, 3-, and 5-year DFS of all patients were 67.8%, 39.7%, and 27.9%, respectively. The DFS rate is much worse than the OS rate, indicating that all patients had underlying liver cirrhosis, which leads to a high relapse rate, but there were still effective treatment modalities that can improve survival after recurrence.

The 1-RFA group showed significantly higher OS and DFS rates than the 2-RFA group, which could be due to the fact that all patients in the 2-RFA group had recurrence after previous treatments, such as surgical resection, TACE, and RFA. Furthermore, the recurrence rate following IO-RFA was also significantly higher in the 2-RFA group. In patients who had recurrence, the next treatment could extend the survival duration, but the tumors were more likely to recur again. It was found that 2-RFA and recurrence were independent prognostic factors for poor survival in the multivariate analysis, which can support the abovementioned findings.

Among the entire cohort, three cases of Clavian-Dindo grade IIIa complications and one case of in-hospital mortality due to hepatic failure. However, surgical resection would be more strongly associated with major complications than RFA, suggesting that RFA might be safer than surgical resection.[@B31]

Moreover, HBV-LC was found to be associated with survival by multivariate analysis. Non-HBV-LC was a negative risk factor for long-term survival. Previous studies reported a significant association between antiviral treatment and the prognosis of HCC.[@B32] Antiviral agents improve liver function, fibrosis, and prognosis of patients with chronic HBV infection. In particular, antiviral treatment has been reported to decrease the occurrence and the recurrence of HCC by reducing HBV DNA.[@B33][@B34][@B35] In the whole cohort, 61.7% had HBV-LC in our study.

Contrary to other studies,[@B36][@B37][@B38] incomplete ablation, tumor number, tumor size, and serum AFP levels were not related to survival. This is probably because of the relatively small number of patients included in our study.

This study has several limitations. First, because it had a retrospective and non-randomized nature, some degree of selection bias was involved. Moreover, only the patients who underwent IO-RFA were included; thus, the data of other patients who received surgical resection, TACE, and percutaneous RFA except IO-RFA were not collected. This would hinder the generalization of the results of the current study. To strengthen the validity of these findings, a large-scale randomized clinical trial is required. Second, there may have been some differences in the types of electrodes and RFA techniques used, and these could be potential confounders.

In conclusion, therapeutic outcomes of IO-RFA were revealed to be comparable to those of surgical resection. Additionally, 1-RFA might be an alternative treatment for naïve HCC in patients with uncompensated liver function and severe comorbidities.
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###### Demographics and clinicopathologic data

![](ahbps-24-24-i001)

IO-RFA, intraoperative radiofrequency ablation; 1-RFA, primary radiofrequency ablation; 2-RFA, secondary radiofrequency ablation; HTN, hypertension; DM, diabetes mellitus; HBV-LC, hepatitis B virus-associated liver cirrhosis; HCV-LC, hepatitis C virus-associated liver cirrhosis; Alc-LC, alcoholic liver cirrhosis; LC, liver cirrhosis; Tb, tuberculosis; Tx, treatment; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; RFA, radiofrequency ablation; Hb, hemoglobin; Plt, platelet; Alb, albumin; TB, total bilirubin; INR, international normalized ratio; AFP, alpha fetoprotein; PIVKA II, protein induced by vitamin K absence or antagonist-II; ICG, indocyanine green; SD, standard deviation

###### Surgical outcomes

![](ahbps-24-24-i002)

1-RFA, primary radiofrequency ablation; 2-RFA, secondary radiofrequency ablation; SD, standard deviation

###### Factors influencing overall survival

![](ahbps-24-24-i003)

HTN, hypertension; DM, diabetes mellitus; HBV-LC, hepatitis B virus-associated liver cirrhosis; HCV-LC, hepatitis C virus-associated liver cirrhosis; Alc-LC, alcoholic liver cirrhosis; LC, liver cirrhosis; Hx, history; RFA, radiofrequency ablation; Hb, hemoglobin; Plt, platelet; Alb, albumin; TB, total bilirubin; INR, international normalized ratio; AFP, alpha fetoprotein; PIVKA II, protein induced by vitamin K absence or antagonist-II; ICG, indocyanine green; SD, standard deviation; CI, confidence interval; HR, hazard ratio

###### Factors influencing recurrence

![](ahbps-24-24-i004)

HTN, hypertension; DM, diabetes mellitus; HBV-LC, hepatitis B virus-associated liver cirrhosis; HCV-LC, hepatitis C virus-associated liver cirrhosis; Alc-LC, alcoholic liver cirrhosis; LC, liver cirrhosis; Hx, history; RFA, radiofrequency ablation; Hb, hemoglobin; Plt, platelet; Alb, albumin; INR, international normalized ratio; AFP, alpha fetoprotein; PIVKA II, protein induced by vitamin K absence or antagonist-II; ICG, indocyanine green; SD, standard deviation; TB, total bilirubin; CI, confidence interval; HR, hazard ratio
